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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide superfine particles for IR 
transmission having 10 to 500 nm particle size and low phase 
transition temp., and to provide an IR shielding plate and the 
method for its production. 

SOLUTION: A material having the compsn. of V(1-x)02Mx, wherein 
metal M is W or Mo or W and Mo, is finely pulverized in a bead mill 
to obtain superfine particle powder having 1 0 to 500 nm particle 
diameter. The obtd. superfine particle powder has an IR ray 
shielding effect with 25 to 50°C phase transition temp. Films in 
which the aforementioned superfine particles are mixed, or a glass 
plate coated with the superfine particles are used as IR-ray 
shielding plates. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] V (1-x) 02 Mx whose metal M is W, Mo, or W and Mo V(l-x) 02Mx characterized by for a bead 
mill grinding the ingredient of a presentation, making it detailed, and manufacturing ultrafine particle powder 
with a particle size of 10-500nm The manufacture approach of the ultrafine particle powder a presentation. 
[Claim 2] It is V02 at wt% as V02+WO 3 = 100. : 98-93, W03 : Heat composition of the mixed powder of V 
oxide and W oxide it was made to become the ratio of 2-7 is carried out by RF thermal plasma, this V (1-x) 02 
Wx that carried out heat composition the ingredient of a presentation — a bead mill — grinding — detailed — 
izing — the particle size of 10-500nm ~ and V (1-x) 02 Wx characterized by manufacturing the ultrafine 
particle powder whose phase transition temperature is 25-50 degrees C The manufacture approach of the 
ultrafine particle powder a presentation. 

[Claim 3] Said V (1-x) 02 Mx V (1-x) 02 Mx according to claim 1 or 2 characterized by being x=0.7-2.7 of a 
presentation The manufacture approach of the ultrafine particle powder a presentation. 
[Claim 4] V (1-x) 02 Mx whose metal M is W, Mo, or W and Mo V (1-x) 02 Mx characterized by what the 
bead mill ground the ingredient of a presentation and was atomized by the particle size of 10-500nm Infrared 
electric shielding ultrafine particle powder of a presentation. 

[Claim 5] Said V (1-x) 02 Mx The infrared electric shielding ultrafine particle powder of a presentation is V (1- 
x)02Mx according to claim 4 characterized by phase transition temperature being 10-68 degrees C. Infrared 
electric shielding ultrafine particle powder of a presentation. 

[Claim 6] It is V02 at wt% as V02+WO 3 = 100. : 98-93, W03 : V (1-x) 02 Wx in which heat composition 
was carried out by high frequency thermal plasma from the mixed powder of V oxide it was made to become 
the ratio of 2-7, and W oxide The ingredient of a presentation grinds with a bead mill and is made detailed. V 
(1-x) 02 Wx which is 10-500nm in particle size, and is characterized by phase transition temperature being 25- 
50 degrees C Ultrafine particle powder of a presentation. 

[Claim 7] Said V (1-x) 02 Mx V (1-x) 02 Mx given in either of claims 4-6 characterized by being x=0.7-2.7 of 
a presentation Ultrafine particle powder of a presentation. 

[Claim 8] V (1-x) 02 Mx given in either of said claims 4-7 Infrared shield characterized by having applied the 
infrared electric shielding ultrafine particle powder of a presentation to the substrate, and being obtained. 
[Claim 9] It is the infrared shield according to claim 8 which said substrate is glass, a polymer, or the ceramics, 
and is characterized by applying said method of application by spraying the slurry of said infrared electric 
shielding ultrafine particle powder. 

[Claim 10] The infrared shield characterized by having fabricated the kneading object which kneaded the 
infrared electric shielding ultrafine particle powder of a V (1-x) 02 Mx presentation of a publication to the basis 
to either of said claims 4-7, and being obtained. 

[Claim 11] The infrared electric shielding film characterized by having carried out the coat of the coat material 
which kneaded the infrared electric shielding ultrafine particle powder of a V (1-x) 02 Mx presentation of a 
publication to the basis on the film, and being obtained by either of said claims 4-7. 

[Claim 12] Infrared electric shielding laminated glass characterized by making the infrared electric shielding 
ultrafine particle powder of a V (1-x) 02 Mx presentation given in either of said claims 4-7 intervene between 
the glass of two or more sheets. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] By using it for the windowpane of an automobile, the windowpane of a residence, etc., 
and covering infrared radiation, this invention attains energy saving and relates to the infrared shield which 
aims at comfortable operation, habitation, etc. Moreover, it is related with the ingredient used for the thermo 
switch using carrying out phase transition to a metal from a semi-conductor with temperature, and heat or 
electrical conductivity changing etc. 
[0002] 

[Description of the Prior Art] Diacid-ized vanadium V02 If it becomes beyond a certain temperature, phase 
transition will be carried out to a metal from a semi-conductor, and having the thermochromic property of 
decreasing infrared permeability greatly is known widely. The structure of this thermochromic component is 
shown in drawing 10 . it is shown in drawing — as — a glass top — V02 If sunlight is applied to the shield which 
formed the film, as shown in the left figure, a visible ray and a heat ray (infrared radiation) will be penetrated 
below with phase transition temperature, but if it becomes more than phase transition temperature, as shown in 
the right figure, only a visible ray will be penetrated, and it will come to cover a heat ray. Let this phase 
transition temperature be near 68 degree C. If this thermochromic property is used, if it becomes more than 
constant temperature, a visible ray can be penetrated, and it can consider as the infrared shielding material 
which covers a heat ray. For example, if an automobile, the aperture material of a dwelling, etc. can be coated 
with this infrared shielding material and a heat ray can be covered, energy saving is attained and that 
comfortable operation and living environment are acquired attracts attention, however — for using for a 
windowpane etc. — the above V02 the phase transition temperature near 68 degree C ~ quantity — since it is 
too tepid and practicality is missing — V02 Research which lowers phase transition temperature is done by 
adding W and Mo. 

[0003] The technique which makes a thin film on the other hand in order to put the above-mentioned infrared 
shielding material in practical use in a windowpane etc. needs to be established. The approach by sputtering is 
indicated as a technique which makes this thin film (December 9, 1993 besides golden Ippei, the Japan Solar 
Energy Society and Japanese wind-force energetics meeting said research presentation meeting lecture collected 
works). 

[0004] Moreover, it heat-treats, after coating on a substrate the hydrosol which melted metal vanadium powder 
in the hydrogen-peroxide solution etc., and it is V02. The membrane formation technique by the sol gel process 
which creates a polycrystal coat is indicated (JapJ.Appl.Phys.Vol.35(1996).Page 438-440). 
[0005] 

[Problem(s) to be Solved by the Invention] however, VO [ in / with the sputtering method of the above- 
mentioned former / sputtering ]2 since single-phase formation conditions are restricted extremely, it is 
necessary to control the temperature and the oxygen flow rate in sputtering to a precision — etc. — there is 
practical difficulty and there is a trouble that cost is high in large-sized glass, unsuitably. Moreover, in the latter 
sol gel process, after creating a thin film by coating, there is a trouble that heat treatment of reduction and 
oxidization must be carried out, and it is not suitable for coating a polymer, and a process is complicated and 
there is a trouble of being unsuitable in large-sized glass, like the sputtering method. 
[0006] Then, this invention is V (1-x) 02 Mx with a simple approach. It aims at offering the approach of 
manufacturing ultrafine particle powder with a particle size [ with the low phase transition temperature whose 
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M is W, Mo, etc. ] of 10-50^^, by presentation, and offering the technic^fti which a cheaply large-sized 
infrared shield can be easily manufactured by applying this ultrafine particle powder to a substrate etc. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, it is V (1-x) 02 Mx of this 
invention. The ultrafine particle powder and its manufacture approach of a presentation are V(l-x) 02 Mx 
whose metal M is W, Mo, or W and Mo. It is characterized by for a bead mill grinding the ingredient of a 
presentation, making it detailed, and manufacturing ultrafine particle powder with a particle size of 10-500nm. 
[0008] That is, this invention persons are V (1-x) 02 Mx as a result of an experiment. It found out that the 
ingredient of a presentation could grind to ultrafine particle powder with a particle size of 10-500nm with a 
bead mill. Conventionally, such particle powder is made difficult depending on mechanical grinding, and is 
formed by a sol gel process etc. as mentioned above. This invention pulverizes this with a bead mill, and is V 
(1-x) 02 Mx. Ultrafine particle powder with a particle size [ of a presentation ] of 10-500nm was able to be 
obtained, and it was able to be simply used for the infrared shielding material etc. so that this might mention 
later. 

[0009] V (1-x) 02 Wx which set the aforementioned metal M to W, Mo, or W and Mo, V (1-x) 02 Mox, or V 
(1-x) 02 x (W, Mo) The ingredient of a presentation The temperature of the phase transition from a semi- 
conductor to a metal was lower than V02 simple substance, and since phase transition temperature was lowered 
to 10-68 degrees C, manufacture of practical infrared electric shielding ultrafine particle powder was attained by 
obtaining ultrafine particle powder with a particle size [ of this invention ] of 10-500nm. 

[0010] Here, the bead material used for bead mill grinding is Zr02 and aluminum 203. Although glass etc. can 
be used, it is adaptability with a windowpane and a polymer to Si02 as an infrared shielding material. It is 
desirable. 

[0011] Moreover, V (1-x) 02 Wx of this invention The ultrafine particle powder and its manufacture approach 
of a presentation It is V02 at wt% as V02+WO 3 = 100. : 98-93, W03 : Heat composition of the mixed powder 
of V oxide and W oxide it was made to become the ratio of 2-7 is carried out by RF thermal plasma. This V (1- 
x) 02 Wx that carried out heat composition A bead mill grinds the ingredient of a presentation, it is made 
detailed, and it is characterized by manufacturing the ultrafine particle powder whose phase transition 
temperature it is 10-500nm in particle size, and is 25-50 degrees C. 

[0012] this invention persons - the result of the experiment about the effectiveness of W - W03 powder ~ 2 - 
7wt% - mixed V02 if heat composition of the powder is carried out - V (1-x) 02 Wx of the phase transition 
temperature of 25-50-degree C low temperature It found out that the ingredient of a presentation was obtained, 
as the approach of the heat composition - V02 others - V2 05 V2 03 etc. - with V oxide W03 It is V02 at 
wt%, using a metal or W oxides, such as W powder, as V02+WO 3 = 100 otherwise. : 98-93, W03 : It mixes 
so that it may become the ratio of 2-7. If this is fused, it is V (1-x) 02 Wx of the above-mentioned presentation. 
That the ingredient of a presentation is obtained also found out. According to [ although other heating 
approaches are possible to melting of this heat composition ] RF thermal plasma, it is V (1-x) 02 Wx with high 
purity with little mixing of an impurity. The ingredient of a presentation is obtained easily. Thereby, the very 
effective ingredient as an infrared shielding material was obtained. 

[0013] Said V (1-x) 02 Mx As for x of a presentation, it is desirable that it is the range of 0.7-2.7. 

[0014] Moreover, V (1-x) 02 Mx of this invention By applying the infrared electric shielding ultrafine particle 

powder of a presentation to a substrate, as. this substrate with which an infrared shield is obtained, glass, a 

polymer, or the ceramics is suitable and the approach of the method of application of spraying ultrafine particle 

powder as a slurry is desirable. Thereby, a simple and cheaply large-sized infrared shield can be manufactured 

rather than it is based on the conventional sputtering method and a conventional sol gel process. 

[0015] Moreover, the infrared shield of this invention is above V (1-x) 02 Mx. It is obtained also as shaping 

material which fabricated the kneading object which kneaded the infrared electric shielding ultrafine particle 

powder of a presentation to bases, such as an acrylic, vinyl, and polyester. This shaping material is made also in 

the shape of a film also in the letter of a block. Moreover, an infrared electric shielding film is obtained by 

carrying out a coat on a film by making this infrared electric shielding ultrafine particle powder into coat 

material. Furthermore, it can consider as infrared electric shielding laminated glass by making this infrared 

electric shielding ultrafine particle powder intervene between the glass of two or more sheets. 

[0016] In addition, V (1-x) 02 Mx of this invention Since the phase change of the ultrafine particle powder of a 
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presentation is carried out t^^netal from a semi-conductor with phase t^^^tion temperature and it changes 
electrical conductivity, it can also be used as a thermo switch by using it as a temperature sensor using change 
of this electrical conductivity. 
[0017] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of illustration of this invention is explained 
concretely. It is V02 of marketing as preliminary experiment of bead mill grinding first. Bead mill grinding was 
used and carried out and it examined about the thermochromic effectiveness. Then, V (1-x) 02 Wx The 
utilization experiment of the thermal shield material which compounded and lowered phase transition 
temperature was conducted. 
[0018] 

[Example 1] V02 V02 of marketing with the preliminary experiment bead mill to twist It ground and 
preliminary experiment was conducted. First, V02 of marketing After the mortar of agate ground to 10 
micrometers or less, bead mill grinding was performed on the conditions shown in Table 1. 
[0019] 
[Table 1] 
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[0020] The medium after grinding was suspended and after the standing of one whole day and night was 
distributed. The TEM image of this distributed part is shown in drawing 2 . it sees in drawing » as — V02 It 
turned out that it can grind to ultrafine particle powder 10-500nm or less by the grinding approach by the bead 
mill of this invention. 

[0021] Next, above V02 The thermochromic property was checked about ultrafine particle powder. The check 
of a thermochromic property, i.e., a phase transition phenomenon, can be performed by investigating change of 
infrared permeability. The wavelength of the infrared radiation which penetrates target glass is 0.8-2.8 
micrometers. Although this wavelength region was the minimum of the measuring range (2.2-25 micrometers) 
of a Fourier transform infrared spectrophotometer (FITR), since the check of a phase transition phenomenon 
was judged from change of the permeability of the measurement wavelength whole region, it measured using 
FITR. 

[0022] Measurement of transmission is V02 ground with the bead mill on the transparent plate of KBr. It dried 
after dropping the slurry of ultrafine particle powder, the sample was created, temperature was changed, and 
infrared transmission was measured. A measurement result (a room temperature (24 degrees C), 50 degrees C, 
and 70 degrees C) is shown in drawing 3 . Although drawing to this ingredient does not have a difference in 
infrared permeability at 24 degrees C and 50 degrees C, when it goes up at 70 degrees C, it turns out that 
infrared permeability falls. That is, below 70 degrees C, although there was no infrared shielding effect, when 
amounted to 70 degrees C, it was admitted that phase transition arose and an infrared shielding effect arose. 
[0023] 

[Example 2] V (1-x) 02 Wx the experiment to depend ~ a degree - V (1-x) 02 Wx It compounded and the 
phase transition temperature was checked. As mentioned above, V02 It is V (1-x) 02 Wx as an infrared 
shielding material which has the practicality which carries out phase transition at lower temperature since it is 
known that phase transition temperature will fall by doping metals, such as W. It chose and the experiment 
which compounds this and checks the phase transition temperature was conducted. 

[0024] At this example, it is V (1-x) 02 Wx. V02 W03 The mixed thing was fused and compounded. The 
production process is shown in drawing 1 . At this example, it is V (1-x) 02 Wx. Although compounded with 
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scorification, you may com^^d by other approaches. 
[0025] This compound V (1-x) 02 Wx About a melting lump, it is said V02. After the agate mortar ground to 
10 micrometers or less like preliminary experiment, bead mill grinding was performed on the conditions shown 
in the same table 1. The TEM image of this ultrafine particle powder is shown in drawing 4 . V (1-x) ground 
with this bead mill as shown in drawing 02 Wx It was admitted that ultrafine particle powder was also in the 
range of 10-500nm particle size. 

[0026] Since simplification of sample manufacture and the thermometry of phase transition are easy, it is this V 
(1-x) 02 Wx. The FTIR measurement by the KBr briquette method performed the check of the thermochromic 
property of ultrafine particle powder, i.e., a phase transition phenomenon, a KBr tablet — KBr powder with a 
particle size of several micrometers - said V (1-x) 02 Wx which carried out bead mill grinding ultrafine 
particle powder — 2 - 3% — mixing — the mixed powder — pressing — about 10 — the pellet of mmphix2mmt 
was created. The measurement thermostat which shows this pellet to drawing 6 is used, and it is N2. By heating 
by heat gas, measurement temperature was changed and infrared permeability was measured. 
[0027] The measurement result is shown in drawing 5 . V02 of above-shown drawing 3 ****-- although 
permeability decreased and carried out phase transition at 70 degrees C — V (1-x) 02 Wx of drawing 5 of this 
example **** — it is admitted that infrared permeability falls and carries out phase transition at 30 degrees C. 
Thus, V (1-x) 02Wx of this invention approach Since the phase change was produced at 30 degrees C near the 
ordinary temperature, it turned out that it is practical as an infrared shielding material. 
[0028] 

[Example 3] W03 Check experiment above-mentioned V (1-x) 02 Wx of the effectiveness of the ratio of an 
amount W03 which can be set In order to check the effectiveness of an amount, it experimented in the example 
3. At an example 3, a production process is V (1-x) 02 Wx, although it is the same as drawing 1 of an example 
2. Melting of heat composition was depended on RF thermal plasma. The melting approach by RF thermal 
plasma is shown in drawing 1 1 . 

[0029] this example - W03 after melting it becomes 2, 4, and 6wt% - as - V02 W03 a powdered mixing 
ratio — it changed and experimented in the rate. This mixed powder was supplied to the induction thermal 
plasma furnace 1 which wound the induction-heating coil 3 around the surroundings of a coil 2 from the supply 
pipe 4, as shown in drawing 11 , and it was fused by thermal plasma. This V (1-x) 02 Wx by which melting 
composition was carried out After making the grain deposit on C Haas, extracting and an agate mortar's 
grinding to 10 micrometers or less, bead mill grinding was performed and made detailed on the conditions 
shown in Table 1 like an example 2. 

[0030] Above W03 Phase transition temperature was measured about the ultrafine particle powder into which 
the powdered mixed ratio was changed. The measuring method of phase transition temperature is the same as 
that of the aforementioned example 2. W03 The experimental result of the relation between a powdered mixed 
ratio and phase transition temperature is shown in drawing 12 . This result showed that phase transition 
temperature will fall if the amount of W03 increases, and became 47 degrees C at 2wt%, fell to 26 degrees C at 
6wt%, and the value near a theoretical value was acquired. 

[0031] Above W03 2, 4, and V (1-x) 02 Wx by which changed to 6wt% and melting composition was carried 
out x was 0.7-2.6. 

[0032] This invention takes practicality into consideration from the above-mentioned result, and is W03. A 
ratio is made into 2 - 7%, and it is V (1-x) 02 Wx. x was set to 0.7-2.7. Thereby, the phase transition 
temperature of 50-25 degrees C was able to be obtained. 
[0033] 

[Example 4] V (1-x) 02 Wx At the verification example 4 of a synthetic approach, it is V2 05. W03 The 
knowledge of dissolving to V02 Not powder but V2 05 And V2 03 Powder is used and it is V (1-x) 02 Wx. It 
compounded with the solid reaction method. At this example, it is W03. The ratio was made into result 4wt 
(s)% of the example 3. The production process is shown in drawing 13 . 

[0034] First, the W03 [ last ] It calculates so that a ratio may become 4wt(s)%, and it is V2 OS. The powder of 
W03 was mixed and it dissolved in 800-degree C atmospheric air. Rough grinding of this melting lump was 
carried out in the agate bowl like the example 1 at 5-20 micrometers. To this ground coarse grain, V under 
presentation is V02. V2 03 [ 5-20-micrometer ] of an amount which becomes Powder is mixed and it is N2. 
Solid phase reaction is heated and carried out to 700 degrees C in gas, and it is V (1-x) 02 Wx. The grain of a 
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presentation was obtained. .^RTbead mill grinding was performed and ma^^Cetailed like the example 2. 
[0035] The publication of a result is V (1-x) 02 Wx obtained by this example 4 although omitted. The ultrafine 
particle powder of a presentation is also W03 of an example 3. The same result as 4% of sample was obtained. 
V (1-x) 02 Wx of the above-mentioned result to this invention As for the ultrafine particle powder of a 
presentation, it turned out also with scorification or a solid reaction method that the same result is obtained. 
[0036] 

[Example 5] V (1-x) 02 Wx The experiment, next above V (1-x) 02 Wx by the film of ultrafine particle 
powder It experimented by creating a film using ultrafine particle powder. The production process of the film is 
shown in drawing 7 . Namely, above V (1-x) 02Wx After adding 2% of ultrafine particle powder to polyester 
or acrylic resin liquid and kneading it, the mixed solution which removed alcohol and added the catalyst (curing 
agent) was formed according to spraying on the substrate. Leave this for 24 hours, and it was made to dry, it 
exfoliated from the substrate, and the infrared electric shielding film was created. And the infrared permeability 
of this film was investigated. The result is shown in drawing 8 . As shown in drawing, this film has a good 
infrared shielding effect at 30 degrees C like the pellet of said example. 
[0037] 

[Example 6] the check of the thermochromic property of the coating film which formed membranes on the glass 
plate — it experimented about the coating film which formed membranes on the glass plate next. The production 
process of coating is shown in drawing 9 . Namely, V (1-x) 02 Wx of this invention The mixed liquor which 
added dichromate and poly vinyl alcohol to ultrafine particle powder was coated on the glass plate by the bar 
coating machine, and membranes were formed. Since the mixed film of dichromate and poly vinyl alcohol 
produced sensitization hardening, UV irradiation of this coat was carried out, and it carried out insolubilization 
processing. As a result of investigating infrared permeability about the shield which coated this coat, the same 
result as said drawing 8 was obtained. 

[0038] In addition, an infrared electric shielding glass laminate can also be manufactured by piling up the glass 
plate which formed membranes by the approach of the above-mentioned example 4. 
[0039] V (1-x) 02 Mx whose metal M of this invention is W, Mo, or W and Mo as mentioned above The 
ultrafine particle powder of a presentation is V (1-x) 02 Mx by the conventional sputtering method and a 
conventional sol gel process since it is ground by the bead mill and atomized by ultrafine particle powder with a 
particle size of 10-500nm. It can compound more cheaply than composition of a presentation, and simply, and 
the large ultrafine particle powder of an application can be manufactured. 

[0040] Moreover, according to this invention, it is V02. It is 2 - 7wt% W03 to powder. V (1-x) 02 Wx which 
mixed powder and carried out heat composition by RF thermal plasma The ingredient of x=0.7-2.7 V (1-x) 02 
Wx whose phase transition temperature is 25-50 degrees C by a bead mill's grinding and making it the particle 
size of 10-500nm The ultrafine particle powder of a presentation was obtained. Thereby, the high infrared 
shielding material of practicality was obtained. 

[0041] V (1-x) 02 Wx which set Metal M to W in the above-mentioned example ******** „ ^ ca rried-out 
result - phase transition temperature — V02 Although manufacture of ultrafine particle powder with the 
infrared shielding effect which is reduced to 25 degrees C lower than a simple substance, and is practical made 
it possible, this phase transition temperature can be theoretically lowered to 10 degrees C. Moreover, it is Mo03 
or W03 about Mo, or W and Mo other than W as a metal M. And Mo03 Approximate effectiveness is acquired 
also by carrying out mixture. Furthermore, V (1-x) 02 Wx It turned out that scorification or a solid reaction 
method may be used for heat composition. 

[0042] Moreover, V (1-x) 02 Mx of this invention When the infrared electric shielding ultrafine particle 
powder of a presentation carries out spraying spreading as a slurry at the substrate of glass, a polymer, or the 
ceramics, an infrared shield is obtained simply. Moreover, it can consider as infrared electric shielding 
laminated glass by obtaining an infrared electric shielding film simply, or making it intervene between the glass 
of two or more sheets also by fabricating the kneading object which kneaded this ultrafine particle powder to 
the basis, or carrying out a coat on a film by making this into coat material. 

[0043] Furthermore, it is V (1-x) 02 Mx of this invention. Since the phase change of the ultrafine particle 
powder of a presentation is carried out to a metal from a semi-conductor in phase transition temperature and it 
changes electrical conductivity, it can also be used as a thermo switch by using it as a temperature sensor using 
change of this electrical conductivity. 
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[0044] ^ ^ 

[Effect of the Invention] As explained above, it is V (1-x) 02 Mx of this invention. Since the ultrafine particle 
powder of a presentation is simply ground by the bead mill, it can be mass-produced, like the conventional 
approach, the heat-treatment after membrane formation etc. is unnecessary, since it is easy to coat large-sized 
glass and a polymer, it can expect to spread widely as an infrared shielding material, and achievement of energy 
saving, an improvement of living environment, etc. are expected. 



[Translation done.] 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

ZCK BORDERS 
GE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
QZj'bLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: __ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



